
mean position of the Antarctic Convergence,
whereas equivalent populations of living members
of these species are located south of the Conver-
gence. The southward retreat of the antarctic G.
pachyderma and the southward advance of the
three subantarctic species are clear indications of
the extent of a warming trend since the most re-
cent deposition of sediments and skeletal remains
of the species mentioned.

These findings agree with Hays' (1965) obser-
vations that the boundary between antarctic and
subantarctic Radiolaria in bottom sediments is
located 3°-10° north of the mean position of the
Antarctic Convergence. He noted also that, north
of the Convergence, the radiolarian species in the
thin top layer of cores are indicative of a warming
period during the past few thousand years.
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Physiological and Biochemical
Mechanisms of Cold Adaptation in

Fishes of McMurdo Sound
GEORGE SOMERO and ARTHUR C. GIESE

Department of Biological Sciences
Stanford University

Fishes of McMurdo Sound constantly experi-
ence near-freezing temperatures. The stability of
the temperature of the Trematomus fishes' habitat
is reflected in the lethal temperature limits
of these species: the upper incipient lethal tem-
perature is a markedly low 6°C. (Sornero and
DeVries, 1967).

The whole-organism metabolism of the Trema-
tomus fishes is highly cold-adapted (Wohlschlag,
1964). Tissues of these fishes were studied in
vitro to determine whether this high metabolic
rate was due to a similarly high level of metabo-
lism fixed in the tissues or whether metabolic adap-
tation was controlled by serum-transported factors,
as is the case in certain temperate-zone euryther-
mal fishes (Precht, 1964, 1965). The in vitro
metabolism of tissues of the antarctic fishes was
extremely high, indicating that a high rate of met-

abolic (enzymic) activity has been fixed in the
tissues through the course of evolution.

The factors responsible for metabolic adapta-
tion to low temperature are only now becoming
well understood. Increased levels of rate-limiting
enzymes may be induced during exposure to low
temperature (Ekberg, 1962). Modulation of enzy-
mic activity through alteration of the cellular en-
vironment in which the enzymes operate may also
be important, as Precht's studies suggest. A fur-
ther type of enzymic change which would pro-
mote high levels of enzymic activity at low tem-
perature is the development of enzymes of higher
catalytic efficiency. Some investigators have re-
ported a positive correlation between the body
temperature of organisms and the activation ener-
gies of their enzymic reactions (Vroman
and Brown, 1963). Thus, organisms with lower
body temperatures have enzymes with higher cat-
alytic efficiencies. Data on the succinic dehydro-
genase of T. bernacchii support this hypothesis.

Metabolic compensation to temperature change
has been shown to involve alterations in the rela-
tive activities of the metabolic pathways as well
as in the total rate of metabolism. A commonly
reported change is an increased participation of
the pentose shunt in glucose catabolism (Ekberg,
1958; Hochachka and Hayes, 1962; Kanungo and
Prosser, 1960). A high level of pentose shunt ac-
tivity appears to have been fixed in T. bernacchii.
In addition, the acclimation of T. bernacchii to
a "warm" temperature of 4°C. led to decreased
pentose shunt participation. This change was ob-
served in the absence of a change in the total rate
of tissue oxygen consumption, indicating that met-
abolic reorganization can occur without a concom -
itant alteration in the total metabolic rate.

Acclimation to "warm" temperature led also to
significant changes in tissue water content and
metabolic sensitivity to cyanide poisoning.
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Antarctic Phytoplankton Distribution
E. J. FERGUSON WOOD

Institute of Marine Sciences
University of Miami

The vertical and horizontal distribution of phy-
toplankton in antarctic and adjacent waters has
been studied by Mr. John Walsh and is to form the
subject of his M.S. and Ph.D. theses.' In the Ant-
arctic Peninsula region and in the areas sampled by
scientists aboard Eastwind, there was considerable
variation in the depth of the maximum occurrence of
phytoplankton. 2 In Bransfield Strait, the maximum
was at 100 m, but along a transect made by Eltanin
from South America to New Zealand, it was usually
between the surface and 30 m. There was no direct
correlation between the phytoplankton numbers
and salinity, temperature, or nutrients, but,
as would be expected, the numbers did correlate
with oxygen content. From the limited informa-
tion available, it appears that the maximum occur-
rence of phytoplankton is related to incident light,
although the meter used gave only light intensity
relative to surface illumination and not to actual
light values.

When we compare the figures derived from East-
wind and Eltanin cruises on the production of phy-
toplankton in antarctic waters with those obtained
in the same manner from the Straits of Florida and
the Caribbean Sea, it would seem that the annual
production in the tropical Atlantic Ocean is of the
same order or higher than that in the antarctic
waters. One would expect to find a still higher an-

It is expected that Mr. Walsh's M.S. thesis will have
been submitted by September.

' The results obtained aboard Easti'ind should be avail-
able by October or November.

nual productivity in the Cartagena area, off the
north coast of Brazil, and in the Gulf of Guinea.

In studying the qualitative species distribution
at the antarctic stations, we find that maximum
diversity of species usually does not parallel maxi-
mum population. Below 200 m there is a sharp
diminution in the number of species, but at certain
stations a secondary increase in the number of
species occurs between 1,500 and 2,000 m, pre-
sumably associated with the antarctic intermediate
water. It would seem that a number of species can
exist for a considerable time in the deeper waters
after being carried there by downwelling.

Surviving Macromolecules in Antarctic
Seal Mummies

M. A. MARINI, M. F. ORR, and E. L. COE

Departments of Biochemistry and Anatomy
Northwestern University Medical School

The finding of a number of mummified seal
carcasses in Taylor Valley during the International
Geophysical Year (Péwé et al, 1959) presented an
unprecedented opportunity to study the survival of
biological materials under nearly ideal conditions.
Two specimens previously obtained indicated, by
the carbon dating technique, that the seals had died
some 2,000 years ago. If biological polymers could
be obtained from similar ancient specimens, then
a comparison of their molecular structures with
those of their modern counterparts would be of in-
valuable assistance in interpreting the nature and
trend of evolution.

Collection of specimens. In December 1966, T.
Blair collected two complete mummified seals, one
a crabeater and the other a Weddell, and pieces
of several others found in Taylor Valley near Lake
Bonney. Sections from a seal which had been dead
for about one year were collected by Dr. W. Dort
(Antarctic Journal, vol. Ii, no. 1, p. 23-24). A
freshly killed crabeater and a Weddell that had
died recently were also collected for comparison.
The pieces, which were brought to Northwestern
University in January, were sent to Dr. James B.
Griffin at the University of Michigan Anthropology
Museum for radiocarbon dating, and the two mum-
mies with their modern counterparts were shipped
here in April for histological and chemical studies.

Ages of seals. The seal known to have been dead
approximately a year was dated as 615 ± 100 years
BP, indicating that antarctic seals subsist on carbon
with a lower C14 content than that of the temperate
trees used as radiocarbon standards. The dates for
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